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CHAPTER I 
INTRODUCTION 
THE PROBLEM AND ITO ¿COPE 


During the first half of the twentieth century, 
science and industry have literally produced miracles. 
Today one man can do the work of hundreds of the serfs of 
the Middle Ages. Today it is possible for one person, 
strategically located, to create infinitely more destruction 
with the wave of a finger than the armies of û whole conti- 
nent could have done in a lifetime a few generations pact. 

With scientific and industrial advance there nas lord 
been the problem of analyzing and recording the umknowt--the 
unknown being that unseen or undetected by the human eye. 
The microscope was developed to aid in the examination of 
the systerle® and motions of the minute. Similarly, today, 
the eye itself canot detect or record the details of èx- 
tremely fast motion, but aided by high-speed motion picture 
photography it can accomplish this analysis. Changes that 
take place in certain steps of processing, changes in the 
character of materials, which may occur almost inetantane- 
ously, chénges in the medium through which an object or 
párticle passes, ditintegration of 528868 can now be studied 
visuslly through time magnification. High-speed motion 


picture photography can be defineà Simply AS A means of 
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magnifjing time. 
i. THE PROBLEM 


Statement of the problem. The purpose of this thesis 
ig to analyze and discuss the techniques and procedures as- 
sociated with high-speed motion picture photography, placing 
special emphasis on its inherent problems and limitations in 
order to aid the average motion picture photograpner in ob- 
taining a workable knowledge of high-speed methods and to 
obviate the necessity of time-consuming experimentation in 


the event he is requested to perform high-speeó work. 


importance of the problem. High-speed motion picture 
photogr&phy is a relatively new field--its greatett advancet 
having been méde in the last two decades. World sar ll give 
tremendous impetus to its applications, and ite uwes today 
in scientific and industrial research are increasing Gully. 
in some military establishments such asa the Aberdeen Proving 
Grounds and the Y. 5. Naval Guided Wissiles Center, Point 
Agu, it is commonplace. Despite this the writer feels that 
the everage motion picture photographer, civilian and Bili- 
tary (e.g., the cinema major at the University of Southern 
Cailfornia, or the photographer in the majority of the mill- 
tary laboratories of the U. $. Navy) h&s ët bett a limited 


knowledse cf the theory and practice of nigh-speed 





photography. 

It 18 561163863 tmät B Etudy of the techniques and 
liwttarions of this phase of photography ناس‎ be of value 00 
the aforementioned average motion pleture photographer iv 
wueeeasfully pursuing his cho#en cBreer, because aithout 8 
doubt he will sometime be called upon to participate in 
۱ ی‎ wotiíon anslysit. 


il. ABVIEW OF PREVIOUS 88۸۶ TUDES 


One other thesis nuse Seem written on LALO Bua jeer 


at the University of Southern California. Wr. Tudor'e 
thesis if a cofprehendive 5urvey of the whole fieid of hign- 
®peed photography and contains Gescriptionw of wort of its 
Gssociated equipment, including still equipment. The 
prevent theale will, of necessity, cover wome of Lie same 
phages of the field such a& history and cert&hin techniquel. 
However, ince high-sveed photography 1: Almost usliniten 

im scope, it 15 this writer's intent to delve more deeply 
irto the details of its problems and eliminate theoretical 
and e3sperimertal high-speeü photography, except Lb lL wy 


be related to future developments. In his theeie, Pr. 





! balph Heal Tuáor, 'An Investigation of the Teut- 
niques Brid Application of Hign-Lpeel Photography, (ull 
publiwhed Master's thesis, University of coutherr 
California, Lot Angeles, 1959), 95 pp. 





fudor statet, “The technique of high-speeu ohotogruphy 
chould be simplified to the point where it is tno tool of 
the average working photographer. ^ hie writer will 
attempt to give a etraightforward, simple explanation af the 
problems, flantinġi the discussion to the needs oi the 
average working photographer, notably in tne military, umd 
ewphüsizing the practices, procedures, and equige@ent hè 
expects to find of value in his on career as A raval 
officer associated with photographic work. 

The Jourmals of the Society of Motion Pieture 
Engineers have from time to time been devoted to discubsione 
of hinh-speeü photography. However, the problems Are 
mentioned only im pastiig and to tnis mriter's kronledaġe ro 
previous attompt nus beer Mide to discuss the normal diffl- 


culties of high-tpeed photography in a comprehensiv® manner. 
IELI, FIFITIONS OF TEM 


Angle of Intidence. The angle formed by the line of 
à r&y of light falling on a surface ánd a perpendicular 


¿riting from the point of incidence. 


Frame. Lech individual picture ir a Serle: of 


pictures on wotíon picture ¿lim. 


e ibid., p. om. 





Wi 


The rate at mich pictures ars 





esposed. 


Tac taking or 





Uigh-speed motion picture p 


motion pictures at rates of 275 to 22,000 frases per ۵۰ 


Picture frequency. Since some picture® in high-speed 
motion picture photography are not of standard tive, the 
terminology “picture” is used in lieu of “frame when dis- 


cussing such non-standard olctures, 


weelprocity fallure. Under extreme conditions the 
reciprocity law breaks down exhibiting what is known ar 
reclproeity failure. This is an important contiflieratieon in 
high-speed photorpraphy wüere exiresely high intensity lignt 
coupled with extremely short exposure time determinee the 


film emulsion's reaction. 


weciprocity law. The product of the photochemical 
reactior. 18 proportional to the total energy involved, that 
is, the product of intensity and time which are inter- 


changeabie. 


Ilow motlon picture photography. The taking of 
motion pictures on normal intersitterl operation type 
cameras at Bpeeds higher then normal, usually ^5, 64, or 199 


framer per second. 





G: 


re photography. The 
taking of motion pictures at rates in excess of 500,999 





frases per second.’ 





M) motion picture photography. The 
taking of notion pictures at rates of 29,090 to 500,002 


frames per second. 


In further discussion in this theeit, the term high- 
speed photography is construed to mean high-speed motion 


picture photography. 
IV. METHOD OP PROCEDURE AND SOJACES OV DATA 


For the purpose of tnis thesis, the writer 18 as- 
suming that the uverage motion picture photographer has only 
a limited knowledge of high-speed techniquet. Thit view nas 
Teen supported by interviews with responsible persons in 
charge of military photography on the West Coast. To 
further support this contention, a survey was co.ductel in 
all the Fleet Air Pnotographic Laboratories in the Pacific, 
with the cooperation of the Commander, Utility Wire, Pacific 


fleet, urder whose cognigance thee laboratorier 


3 ketmethn Uhaftan, “A Survey of Wilgh-Speed Motion 
Picture Photograpny, aa! of the sovieti of foilon 
Picture and felevis ion Engine Ln neers, 54:c015, may, 1960. 





operate." One hundred end Bixty-flve photograpners were 
asked if they understood the principle of usirg a rotatim 
prion optical system te record pictures on continuously 
moving film, and if they had ever operated a high-speed 
camera. Ten understood the principle involved end eleven 
had operated Such a camera. 

Based or previous experierce in militery ۵ 
and on the conversations with clvilian photographers, the 
Writer assumed that the aforementioned average working 
photographer has an understandable knowledge oí coo. 
photographie terms such as emulsion speed, optical path, 
millimeter measurements of width, aperture, focal plane, ete. 

The bulk of the discussion contists of a correlation 
and interpretation of the currently available literature on 
tne subject as available at tne Library of Motion Picture 
Artë ana Sciences, the Los Angeles Public Libraries, ami the 
Library of the University of Southern California. 

The biographical research 12 augmented by personal 
correspondence with manufacturers and designers ao) by 


personal interviews with engineers and photographers who 


utilize nigh-speec photography. fr. +illiam Christie, 


i 
k 


A questionnaire war sent out as a part of utility 
Sing Bulletin, Volūme 29, dated May 21, 1951, in Wnich tite 
questions discussed were asked, ihe results were compilea 
duly 13, 1551, end given to the writer in memorandum form. 





phygicist, and Mr. Loule Seeder, photographer at the Navel 
Ordnance Test Utation, Pasadena, California, ard Ar. Frank 
Crandail, of the California Institute of Technology ۵ 
cooperated to the extent which recurity regulationz will 
permit. The writer visited the Naval Guided Mitsilea Center, 
Polnt Magu, California, for the purpose of obtaining valualle 
background information on non-:lassified techniques. 


V. ORGANIZATION OFP 1182 103751111115 OF ¿HE 10 


Chapter II will contain a brief history of high-speed 
photography. Chapter III will be devoted to 23 discussio! of 
modern high-speed camera principles and decign, emphasizing 
a standard cawera row avallable and in wide use. Nodifi- 
cations for special purposer and experimental deeign will 
pot be considered. Chapter IV will be concerned with the 
inherent problems and limitations of high-speed photography, 
namely, (1) Pre-arelysis of the taek, (2) Illumination, 

(3) Exposure, (4) Synchronization and Timing, (5) Arrangement 
of the subject to be photographed, (6) Film waste in accele- 
ration, (7) Lacx of tn ultra high-speed film emultion, 

(8) Projection and analysis problems, and (9) Mltcellaneour 
considerations such as blur, focusing, etc. Chapter V will 
be a diseussion of new techniguet and trerds. touching ch & 


few of the latest and @ost important of the literally 











CHAPTER II 
THE HISTORY OW HIGH-SPEED PHOTOGRAPHY 


voneeivably the history of Motion pictures can ue 
traced to the cave man era when man first drew crude malti- 
limbed animals on the walls of hiv dwellines to depict the 
movements of the animale so necessary to his existence. 

HUign-speed motion picture photography la however 
primarily not an art of depiction but a science of Motlon 
analysis. The first serious attempt to Analyse motion 
occurred in the 18792۱8 as the result of a wager male between 
Leland Stanford and one Edweard Muybridge as to whether a 
galloping horse had one foot on the ground at ail times, or 
whether there Was a certain stage in tne gallop in wnich all 
four feet left the ground rimultaneously. 

fir. Fuybridee set up &à series of still cameras in a 
line and piaced wires across tne path of the horses. The 
wires tripped the shutters one after the other which 
recorded the progrestion of the animal's movement acro’s a 
given field. Viewing them by means of a ¿oetrope, a 3 
circular drum with 8 serious of pictureb mounted on the 


interior periphery, the party who bet that the four feet 


ra 


were off the ground si@ultaneoully won the bet. TMi 


experiment was the first of many in&t Muybridage conducted 





11 
on locomotion.! 

At the turn.of the century, 1900, a Frenchomn, L. J. 
Marey, started the first multiple image photography oy 
placing o fined slot at the lens of a camera and then 
rotating a disc with a number of Slots in front of the Lene. 
A black background was used and by opening the thutter just 
before the action started, and illuminating omly the subject 
a multiple image picture of the subject's motior wat pro- 
duced. This method is still in common use today.“ 

At approximately the same time, Thomas A. bċisot. 
developed his Kinetoscope, wnich showed photographs in 
motion for the Chicago World's Fair of 1893. His peep sitos 
cost a nickel and involved forty feet of film which lested 
for all of thirty seconds. Another Frenchsfan, Lumiere, 
seized upon Edison's idea and developed a camera and 
projector (called a cinematograph) for mass audience viewing 
which utilized a strip of f1lm seventeen meters long. After 
1900, the motion picture grer very rapidly 8131 over 8" 
world. This early motior picture history is shrouded in a 


ne سوب‎ 


l Praneis X. Dercum, "A Study of Some Normal and àb- 
floral Movements Photographed by Muybridge," Anil Loco- 
motion, the Method and the Refult (Priladelphia: J. ®. 
Lippincott Company, 1000), po. 103-133. 


€ Jom k. Naddell, "High Speed Photography, (ul 
published paper, Copyright, 1959, b; beli Telephore Labort- 
tories, Inc.), p. 1 








12 
1886 that is & tombinetion of fact and fancy, with the 
latter predowinating in moet popular works „3 
Ihe development of still photofraphj led to almost 


omen&lly short exposures end following this lead, camera 





manufacturers set about developing high-speed motion picture 
camerat, end the modern cameras were born. High-speed 
photography reached its apex of accomplishment in 1956 with 
the photography of the atom bomb test&. More of its develop- 
@erit will be discussed in later chapters 35 the history 
relates to mpecific problems encountered in the construction 


of the caseras. 


3 Williaa H. Offenhauser, (6-818 Sound Motion Pictures 
(New York: Interscience Publishert, Inc., 1945), B. 5. 





GHAPTEA Ili 
MODERN WIGU-SPEED PAINCIPLES AMD DESION 


Shortly after the invention of the motion picture 
camera and the projector, the natural speed of subjects on 
the screen was altered by changing the camera speed, the 
projector speed, or both. action was accelerated to achieve 
slapstick effecte in comedies, while for motion analyeit, 
such as in sports events, it was slowed down. 

Gradually the value of the slow motion picture for 
analyticel purposes became more evident, and attempts were 
made to increase the taking rate until speeds in excess of 
two hundred frames per second were attained. 'ihis 
in the slowing up of action by more than ten times when the 
fil" was projected Bt sixteen frames a second. Although 
this was adequate for analysis of most physical action, it 
became increasingly apparent that much higner taking ۲ 
were necessary for analyzing fast mechanical movements. ihe 
conventional intermittent motion picture camera is limiteu 
@echanically to speeds not in excess of two hundred and 
fifty frames per second. Above this speed they mutilate 
the film beyond recognition or in Some cases the camera 


itself may literally fell apart. The conventional 


- Fayrard L. Sandell, What i5 Kigh Ipeeä Fhotogr!- 
phy? Journal of the coclety of Motion Picture Engineers, 
52 ؟‎ 5 , Merch, 1399. 





1% 
intermittent mechanien had to be Supplanted, rebultine ln 
the high-speed motion picture camera as we knob it today. 

Motion picture cameres capable of speeds greater Than 
two hundred and fifty frames a second generally employ § 
rotating prism or mirror (to be described later), 4 veries 
of rotating lenses, or a stroboscopic light source instead of 
the usual shutter and intermittent mechanisms. In the latter 
case, the camera is equipped with a commutator to synchro- 
niże the flashing light with the film movement And the 
camera is operated in a dark or seni-darkened room. Such 
cameras cannot be used for photographing self-1umiroub 
subjects. Cameras e@ploying the rotating pris® principle 
usually bracket the range from two hundrec and fifty to ten 
thousand frames a Second. Speeds in excess of ten thousand 
frames a Second fall in the classification of ultra nikn- 
speed photography ard are usually attained íin what are imon 
as strip cameras.” 

The rotating prism motion picture cameras aré the 
most cowsorly used high-speed caseras today because of their 
portability .> 


Also, the rotating prism cumera is edeguate for most 


? Ibid., p. 6. 


3 “High-speed Motion Picture Photography, Journal of 
e Society of Motion Picture Engineers, 55:442, November, 
232. 
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15 
analytical purposes. Maynard L. Sandell, of the Bastman Kocak 
Company, reports that rerely have they found an instance in 
industry where the three thousand frame top speed of their 
camera was not adequate.” 

For these reasons, we will confine the discussion in 
this chapter to the principle of the rotating prism and a 
deseription of a typical camera of this type. 

Simply stated, in the rotating pria type casera the 
image from the lens is projected through a rotating prism 
which te so designed that its rotation causes the image to 
move in the same direction as the film 15 moving and at the 
same speed. Thus during exposure the image and the filw dre 
ectually stationary with respect to each other, and exposure 
is accomplished with no blur or image displacement. “he 
principle is illustrated schematically in Figure 1. 

The image gathered by the lens is refracted by the 
prism upward to meet the incoming frame and as the frame ad- 
vances downward, the image follows, thereby permitting cor- 
tinued exposure throughout tne period that the film passes 
the aperture. 

In this type of camera the glass prism must have a 
number of pairs of parallel faces. In the cameras 


5 Maynard L. Sandell, personal letter dated March lo, 


1951. 
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17 
commercially available today, tie number varies from two to 
eight depending upon the size of the aperture and the methoa 
of prism calculation, The thickness of the glass depends 
upon the index of refraction, the picture frame height, the 
angle of rotation in which the picture is laid down and the 
peripheral speed of the image, which as prevlously mentioned, 
must be equal to the linear speed of the film.” 

For any given set of conditions, many probleme are 
presented ir. the design of rotating prism cameras. 

Super-precision bearings are a necessity on the pricsa 
shaft. If the shaft is eccentric the pictures will be 
noticeably jumpy and on projection difficulty will be er- 
countered in determining whether the unsteadiness is caused 
by the subject being photographed or by the camera itself. 
The speed of rotetion varies in inverse proportion to the 
number of pareliel prism sider so 17 general it may be said 
that those cameras employing the square or octagonal prise 
produce greater picture clarity and more reliable operation, 

The rotating prifim acts a8 a shutter as well ds ar 
image compensating device: The exposure time is dependent 


upon the maximum angie of incidence of the rays cf light 


2 John H. Waddell, "Design of Rotating Prism? for 
High-Speed Cemer£s, Journal of the vociety of Motion 
Picture ¿ngineera, 63:491, vovember, 1945. 








18 
exposing one frame. As the prism rotates, the angle of 
incldenee and thus the image speed varies on the focal plane. 
Also the optical path its lengthened because of the increased 
thickness of the prism. These obstacles are overcome b3 
proper aperture design before and behind the prism which in 
effect determines the maximum angle of incidence and by 
proper eprocket design which lengthens and decreasee the 
optical path by means of its curvature, minimum extension 
occurring on the optical axis of the camera through tne 
center of the prism and terminating on the most forward 
portion of the sprocket. 

The use of prism glasses of high index of refraction 
anû low dispersion with minimum thickness and minimum Anyle 
of incidence, in conjunction with sultably designed com- 
ponents sucn as lenses, sprockets, bearings, and Bo forth 
produce results with rotating priem caneras which will ap- 
proximate the quality obtainec with an intermittent-type 
motion picture camera ‚© 

The most widely used high-speed cameras today are the 
Eastmen Kodak Model 111 aná the Wollensak Optical Company's 
Fastax. They are almost universally employed because of 


their portability, simplicity, depercability, anda 


ge ټصي‎ 


Ó Ib18., p. 501. 





19 
adaptability to most applications of high-speed photographic 
analysis. 

Despite some design differences both manufacturers 
offer cameras which fundamentally operate on the same princi- 
ples and find the same application in industry. 

Because the Wollenssk Fastax is available in 8, 16, 
and 35mm, as compared to only 16mm in the Eeħtman Ill model; 
because It is more widely used;/ and because the military 
photographers will in all likelihood encounter it first wher 
introduced to high-speed photograpny, we will discuss its 
design and operating principles as an illustration of a 
modern high-speed rotating prism type camera. 

The Fastax camers is manufactured in three models, 
each using a different film size, nameiy, Dmm, 16mm, and 
35mm. The 8 and 16mm cameras take pictures of standard 
frame size; the 35mm records pictures of one-half standard 
frame height or approximately 3/6 inches high by 1 inch 
wide~-the variation being due to the design of the rotating 
prism--the 15 and 35mm modele utilizing a four sided prism 


and the Smm using an octagonal prism. The minimum and 


T Kenneth Shaftan, "A Survey of High-Speed Notion 
Picture Photography, Journal of the Society of Motion 
Pieture and Television Engineers, 54:6.5, Hay, 1999. Of 273 
camera users asked, 134 useà rastax cameras as compared to 
T5 for Lastmans. 





maximum exposure rates vary from one hundred and fifty 
pietures per second to fourteen thousand pictures per second 
depending upon the camera models. Operating speeds and 


projection ratios are shown in Table A, following. 


8 


TABLE A 
Camera Exposure Ratio of Motion Camera Speed 
Rate (pps) 9 77 Limite 

(at 16 pps) 

159 PS lomm (minisum 

300 13.75:1 Omm (minimum 

500 31.25:1 35mm (minimus 

5,009 312 1 3509 7 

7,009 437.5:1 Cua — 

15,000 875.081 Gam (maximum 


The construction of the camera is extremely simple. 
(See Figure 2.) The film runs from the Supply spool, driver 
by the feed spindle, beneath the hold down rollers which 
maintain even film feeding and over the film sprocket. The 
forward portion of the film sprocket maintains the film in 
the proper position for exposure by ruming in spnenronism 
With the rotating prism by mechanical linkage. From the 
Sprocket the film passes the timing unit which places an 
image of a flashing timing light (commonly called ‘timing 
pips”) on the edge of the film for analysis purposes, the 


frequency of the flash being determined by tre alternating 
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s) M cO a, 


8 Fattax Instruction Bulle etin pu Now York: 
Wollensak Optical Company, 1950), p. 
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e? 
current being used. Prom the timer the fllw proceeds to the 
take-up spool. The film stripper, mounted at the take-up 
side of the drive sprocket, is a precautionary device to 
prevent film jamming around the sprocket in the event of 
breakage, % wituation which at high speed: could cause 
severe mechanical damage to the camera. 

The main housing door, containing a film guard wülck 
controla the path of the film, swings over tne co®ponerfts 
shown in Figure 2 and provides a light-tight casera. 

Exterrally mourted on the camera housing are the Lent 
and protective cap, the drive and the take-up motors and the 
carrying handle (Figure 3.) 

To improve acceleration characterietice both filu 
drive and take-up are actuated by septrate electric motors. 
Epeed of operation or rate of exposure is regulated by con- 
trolling the voltage level of the power supplied to the 
wotorr. Both motors are of the universal type and can be 
operated under normal conditions on either direct or alter- 
nat inl current (60 cycles/eecond or lover). 

Film specially spooled on ealumirun epocl® must be 
used in the Pastax Camera. Failure to do this will upset 
the dynamic balance of the components and result ir damage 
te the chimera. 

rhe film has speciel rectangular perforation! rather 


than the standard Bell and Nowell negative perforations. 
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24 
because of the finer tolerance required at high speeds., 
Nitrate films aust never be used because Fire my result 
from the friction due to the whipping of the file at the end 
of the run. 

Complete operating instructions are furhisned by tive 
manufacturer with each camera, and ro they will not be dis- 
cussed as a portion of this chapter. Operatinz charscter- 
ietics will be explained subsequently to the extent that 
they impose limitations on the application of high-speed 
motion picture photography. 





CRAPTOR IV 


PROBLEMS AND LIMITATIONS 
OY HIGN-SPEBRD MOTION PICTURE PĦOTOGĦAPHX 


Perhaps no phase of motion picture photography re- 
quires more careful planning and preparation than does high- 
speed photography. It 1s absolutely nececssry to analyze 
the problem, determine as exactly as potsible the resulta 
required, and eliminate äs many unfavorable photogrephic 
factort as possible before proceeding wita the actual pho- 
tography. 

It is the purpose of this chépter to discugs come of 
tne more common problems to be considered before using ti 
high-cpeed camera, regerdless of the type. Given proper 
thought, these factors no longer are problems, but become 
incidental considerations that may work to the advantage au 
well as the disadvantage of the cameraman. 

To illustrate the Lmvortance of determining exactly 
what is to be photographed; what the mort important action 
is; and what motion or phase of motion 18 moet deeired in 
the final analysis, it is interesting to note the request 
thet preceded the Bikini test of the atom bomb. 

From the Manhattan District to the Air lorces cow 

this request, Get us on film, said the 86016161858 
the firet one-tenth of a second after toms burst. And, 
if possible, get it Bo that it car be broken down for 


&n&l1ysis to less than ore ten-thougandth of a Second. 
ror Good measure they had gone the Manhattan Virtricu 
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one better. The delivered flim was so marmed thet it 
could be measured in terme of 500-milllonthe of & 
second. 7 

The first requirement of muccexsful high~opeed pdc~ 
tography is to know exactly what phase of actlon you wish to 


record on the film. 


Illumination. Diseussion of the probolew of high- 
speed motion picture photography are equally Applicable to 


any Pake or model of camera, except, perhaps, those using 





the stroboscopic light for exposure. Opersting at hign 
epeedis, the actual exposure time of any one plctume will 
vary from 1/15,000 of a second to 1/1,500 of a second 
depending upon the operating speed and the type of camera. 
with these Short intervals of expoture, adequate lllumi- 
mation becomes & serious problem. 

The problem of illumination is bert diecussed in two 
phavee--outdoor lighting and indoor. 

An extensive study was mide at Bell Telephone lWbora- 
tories of how best to take high-speed pictures out of doors. 
It was found that in the Southwest portion of the United 


States in the desert, the sunlight haa ite highest 3 


1 G. Warrenton, "Greate®t Photographie orgiat ion 
in History Shot Bikini Blast, American Cinemmtographer, ۷٧ 
393, October, 19*6., 


? That property of radiant energy ty which chemical 
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value in April. 

Under ideal corditions, John ۷۵۵۵۵11 states that it 
is poesible to photograph out-of-doors at a picture frequen- 
ey of 5,000 pictures per second, using Super Ak film. 

The weather, whether clou@y or clear, and the clarity 
of the air are the controlling factors of lighting out-or- 
doors. 

bell known to astronomers is the apparent out of 
foeus picture which is obtained by a Qlaturbance or by 
foreign particles in the atmosphere. Under controlled con- 
ditions in a building eepecially designed for sucn Work, 
astronomers at Mount Wileon observatory in California were 
able to work successfully on about one night in ten in re- 
producing photographs of the goon through a lent system 274 
feet long becaute of foreign matter in the atmosphere.” 

The well-known heat mirage seen on the surface of hot 
roadways by motorists causes similar dittortlon as do the 


exhaust stacks on aircraft in flight if the field of view of 


changes are produced in light sensitive materials, sucn at 
fila emulsions. 


3 John H. Waddell, High Speed Aotion Picture Pho- 
tography, (umpublished paper. Copyright 1949 by Bell Tele- 
phone Laboratories, Ine.), p. 41. 


n ۷ 11 118 Christie, Physicist, Naval Oramance Test 
Station, Pasadena, California. Personal interview, April, 
1951. 





the aeriul camera crosser the emhaust trail. It i$ 
important to recognize whether such distortion or blur is 
caused by atmospheric conditions or by exce&sive sub ject 
motion, 

In the desert, the distortion due to heat Faves, œan 
be almopt entirely eliminated by increusing the height of 
the camera above the ground to about thirty feet. Plotting 
the picture resolution ageinst camera height eivee an &ccu- 
rate method of determining the proper camera height under 
most field conditions.” 

Full color pictures can be made by using an expohurs 
factor of 6% times the exposure allowed for biack aná «hite 
on Super XA fila. 

The normal film Bneed ratio Detween type û nodħichroms 
and Super XX is 1:12 but the reciprocity failure is greeter 
on the Kodachrome fo that an abnormal film speed compen- 
tation must be used. This reciprocity effect will be ait- 
cussed more fully under the topic Exposure. 

in. cases when normal Suriight does not provide Ouf- 
ficient illumination, the Naval Ordnance feet Ltation, 
Pasadena, California, has discovered that a standard Navy 


searchlight pleyed upon the subject in effect doubles the 


2 Loe. cit. 


0 Waddell, op. cit., p. 58. 
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expobure from a distance of approximately 15u feet. Using 
tnle method they have obtained excellent results in pho- 
tographing the effect of ricochet on missiles encountering 
the water at high speed. 

Indoors, unless the Subject is self-lu®inous, high- 
speed photography must be accomplished by the ube of extrene- 
ly intense artificial lighting. The tub-committee on 
flluminante for high-speed photography of the Society of 
Motion Picture Engineera have established the folloning, re- 
quirements for an illuminant. 


1. It should cover an aret to be photographed of 4 
inches. 


2, The minimum distance from the source to the are? 
is 18 inches 


3. The variation in the illumination from the center 
of the area to the corners ehould noi exceed 2 io i. 


4, It should produce a Minimum value of illuminatlon 
at the center of the target of 50,0900 foot-candlet al- 
though 100,000 foot-candles may be required. 


5. A color temperature? of the source of approxi- 
mately 3500 degrees Kelvin if desirable. 


6. Lamps would be operated at full power for ap- 
proximately 10-second periods. 


Cther desirable features include compactness, Gulf- 
ficient strength to provide illumination with only two 


T Christie, loc. cit. 


8 ihe color quality or degree or whiteness cf the 
light, measured by the Kelvin scale of temperature. 
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lengths, and the v of tungsten cleaning powder to 
prevent blackening. 


The most widely used and mont BAtinfactorj photogrs- 
phic lamp is the incandescent type. Their eiivartaget arm 
numeroussethej can be operated from storage butterier or 
from @lmost any lighting circuit Without regulating equip- 
ment. They operiite with equal efficiency on either alter- 
nating or direct current, the varistior of light on alter- 
nating current being lees than five per cent for lampu above 
109 Watts on 60 cycle circults. The light source iv easily 
concentrated by reflector#, either externa! or integral with 
the lamp itself. They light quickly, reaching their peak of 
efficiency in less than a second and extirguith equally ao 
rapidly. Finally, thelr epectral-enervgy distribution 18 
such that satisfactory color rendition 15 potsible when 
using the proper files. Among their disadvantages Gre thelr 
quick response to changes in applied voltage and the heat 
generated while in use. 

The General Electric Compary, bearing in mina the 
epecifications listed previously, have developed a 1 
lamp for close-up-high-epeed photography, designated by tle 
m&nufacturer't model number /5$O0O-E. It 1s detigned to 


A. Farnham, “Lampe for High-Speed Photography,’ 


5b. 
Journal of the Society of Motion Picture Engineers, 52:35, 
March, 1349. ۱ 
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operate approximately eighteen ‘inches away from the subject 
and has an intensity of 75,099 candle power within five 
degrees of the beam axis at that distance. Two of these 
lampê provide sufficient illumination on a % by 4° subject 
for the exposure of 5,000 black and white pictures per 
second at f5.6, When four are used om the Same subject, 
5,000 pictures per second may be taken at so 

Electric-discharge lamps are seldom used although 
their color reridition is excellent and they radiate Little 
heat. The output follows the variation of arn alternating 
current so that when used in motion picture work it produces 
a series of alternating under- and over-expssed pictures, 
depending upon the synchronization between the lamp end 
camera. flaco, it is extremely difficult to obtain high 
levels of illumination, the source brightness of mercury 
lamipe ranging from 175 to €,000 candlet per Square inch, al 
compared to 22,000 to 243,000 for incendescent lamps. 
Finally, they require fros one to four seconds to come up to 
full brightness. 

Ordinary fluorezcent laups are not applicable for 
high-speed photofraphy Aince they are of relatively low 


brightness, it being impossible to obtain mere Than about 


re Fastax Instruction Bulletin (üochetter, Rew York: 
solleneak Optical company, 1950), p. ic. 
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500 foot-cúndles on a turface, irrespective of the nusber of 
lamps employeG or their position. 

Piathtubes an& photoflash lamps have been tuccetseful- 
ly applied to special circumstances in high-speed photograpry. 
The routine use of such sources of illusination is not 
conBidered practical, however, at the present time because 


of the time coneumed in replacing the bulbs. 


Erposure. Closely coupled with illumination is the 


problem of exposure. The correct combination of licht 





(illumination) passing through a regulating valve or aper- 
ture (f stop) and falling on che correct rile for a crtati 
critical time will produce the correct exposure. Generally 
speaking, exposure depend® upon the lighting, the speed of 
the film, the picture frequency or camera speed, the Size of 
the diaphragm opening, and the color of the subject. 

Exposure values in standard photography are at 

present determined by one of the following three methods. 

1. By the individual's personal experience vith hig 
own particular photographic equipment operating under 
lipht conditions famnilisr to him. 

2. Througn reference to exposure calculator charts 
commonly furnished by the film manufacturers, the ute of 
which are dependence entirely upon the uter's ability to 
classify typical lighting conditions. 


3. Through the use of photo@lectric or extinction- 


"a o ae < 





type exposure meters} 


For all practical purposes in photographic work at 
lewer frequencies exposures can be calculated on the basis 
that the effect on the film is proportional to the preduct 
of the exposure time and the light intensity, regardlest of 
their respective values. However. in high-speed photography 
where exposure time 1s extremely short and illumingtion iz 
very high, this assumption will lead to unsorexporure. 

For example, if proper exposure is obtained at & lene 
opening of f5.6 and a frequency of 1000 frames per second, 
it does not necessarily follow that the exposure at fà and 
2009 frames will be adequate, even though about the same 
amount of light reaches the film in both cases, 

This apparent failure of the film to record an image 
at higher speeds is known 4s reciprocity effect and must be 
eoneidered by every cameraman engaged in high-tpeed motion 
picture photography. No exact deta can be given for the 
exposure increase necessary to compensate for reciprocity 
effect because 1t varies from one emulsion type to enother. 

ror this reason, it is important to keep an accurate 


record of exposure data to use in determining future 





" 9. T. Higgins, Exposure Meter for High-Speed Pho- 
tography, Journal of the Lociety of Motion Picture 


Engineers, 53:975, November, 1949. 
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exposures. A record sheet, suggested by the astman Kodak 
Gompany is shown. (See Figure 4.) 

The frames exposed during acceleration of the camera 
are tin excellent guide to correct exposure. For example, 11 
the pictures obtained at maximum speed are umerexpcsed, 
some of the frames exposed curing acceleration will probably 
be exposed correctly and the exposure correction car be «ide 
accordingly. 

These methods fall under the category of persomel exs- 
perience as mentioned previously. 

Realizing that under high-intensity lighting con- 
ditions the human eye is incapable of any reeson&ble accu~ 
racy and that each lighting set-up poses a new problem, the 
weston Electrical Instrument Corporation hës developed a 
meter for determining exposure at high speeds. 

The light meter consists of a light-sensitive cell 
mounted in a small paddle equipped with an extension cable 
to permit more comfortable reading of the instrument away 
from the intense illumination area. The cell connects .3 én 
electrical instrument providing @ batic range of 3,000 Foot- 
candles which vill be found adequate for most outdoor orx, 
except under rare conditions of very bright sunlight. wo 
carefully calibrated slip-on diffution Nultiplier® are 


supplied to extent the range to 30,009 and 00,000 foot- 
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36 
eandles.!? 

Supplied with each meter ls an exposure caiculator 
which gives appropriate camera settingi for various tyner of 
caseras and films under specific light conditione, The ex- 
posure tables are based upon the actual uve of the meter 
with the cameras under test conditions. Thus basteally, 
even by using the meter, the expoture in determined in the 
broad sense by past experience. The meter ia designated by 


the manufacturers model number 757. 


Synchronization and timing. Since the faster cameraa, 
when running at full speed, exhausts the film in about 1.3 
seconds, and the Zastman camera only a little longer, it is 
neces#ary to accurately synchronize the action to be pho- 
tographed with the camera, 

it was determined that it wa- possible to double the 
speed of the Fastax camera by applying 290 volts directly to 
the camera motors. However, when starting the camera at 
this speed, the film would strip at the sprocket holler. 
Therefore, a 7O-millisecond delay circuit was interposed so 
that the camera could Atárt at 130 volts, run at 4,00 feet 
per second for 70 milliseconds and by jumping Che voltage to 


289 volts bring the camera to tbe full speed of 7,500 frames 


12 Ibid., Dp. 547-518, 





per second. 

With the advent of these high speedS it became in- 
creasingly more difficult for the operator to synchronize 
camera and action being photographed because one hundred 
feet of film travels through the camera in eight-temths of & 
second. 


The Industrial Timer Corporation of Newark, Nes 





Jersey developed an automatic control unit (commonly called 
the “goose” because of the peculler jumping &ctlon in In- 
ereaeing the voltace) which by this principle actually 
doubies the picture takinz speeċ of the camera, controls the 
film speed from low to high, Sutometicelly controls the 
camera in synchroniem With an event to be photographed, 
allows for remote-control operation of the event and the 
camer®, and prevents tearing of fli &s the camera it 
started. it is simple in operation, extremely accurate, and 
completely portable . 

The photography of emaller and more complex subjecte 
has led to the development of complicated eiectronic relays 
which control with extreme accuracy the synchronization 


mentioned above. Ordinarily, their assembly and operation 


13 L. L. Weidenberg, 'Control Unit for Operation of 
High-Speed Camerts, Journal of the Society of Notion 
Picture Ergineers, 52: 107, maren, 1985, 





is not a task for the cameraman but for tne research 
engineer and scientist. Por this reason, it 12 mentioned 
only as a sidelight to the problem of synchronization. 

The early application of high-speed photography was 
mainly one of vitusl study of the film when the action was 
slowed down during projection. From a very generoub esti- 
mate on the part of the cameraman aB to how fast he may have 
been cranking his camera or how accurately he way have read 
the camera tachometer, the methods have advanced to the 
point of @illisecond accuracy. Today, hisch-Speed photogra- 
phy is inmeparable from timing and analysiz, So that every 
high-speed camera is almost invariably equipped with some 
means of putting a time record on the film cimultaneously 
with photographing some specific phenomenon. 

The earliest attempts to establish a time baee con- 
sisted of photographing & chronometer simultaneously with 
the subject, The timepiece had to be in the field of view 
of the camera and thus seriously limited the type of subject 
matter. Later, the clock was ircorporated In the camera 
itself and its image placed on the film by meane ol an 
auxiliary optical system. 

Modern high-tpeed cameras incorporate a timing light 
(Figure 2, Chapter III) which is zatisfactory for most 


analysis. The timing device in-the Fafter camera contiats 
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of a neon lọw lamp enclosed in 5 5Bll housing Mounted 
under the drive sprocket in the camera housing. The lamp is 
energized by alternating current surges from an eccuretely 
controlled source and ls connected through à receptacle ot. 
the outtide of the housing. The light emitted is focused on 
the edge of the film bj a small lens in the top of the 
housing. Lamp operatior results in timing Garks appearing 
along one cage of the developed film outside of the picture 
area. The length of the mark will vary with the speed of 
the film and the frequency of the light. “he frequency cal 
be maintained at any rate by Mesas of appropriate oscil- 
latvors; ordinarily, however, the lamp is connected to the 
normal 60 cycle supply. In either case, the tine betweer. 
exposures can readily be obtained sy dividing the 1.0 
interval between the stert of each flash by the number cf 
intervening frames. Por example, with the timing light 
connected to ^ GO cycle line, and thirty-three pictures 
between two timing markt, divlding the number of pictures by 
the time interval (.00533 or 120 flashes per second) gives 
the cümera speed, 4900 pictures per second. The time 
between @xposures is 03533 divided by 33, or an interval of 


618p 1 14 
0025 secorta. 


nn on 


14 Pestax Instruction Bulletin, op. eit., pp. 17-18. 
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49 
Another simple time base is described by Eyles in tne 


L of Scientific Instrument: .15 The time bare consista 
of an electrically maintained 1000 cycle per second tuning 





fork carrying slit apertures in overlapping plates at the 
ends of the prongs. Light from a small tungsten filament 
lamp is concentrated onto the slits by metres of an optical 
system, and an image of them is focused cn the film (between 
the perforations). As the fork vibrates the slits are dil- 
placed relatively one te the other, and the light beam it 
interrupted to produce a time base divided into one 
thousandth second intervals in the form of a series of 
dashes photographed along the edge of tne film, 

The flashing lamp, the oscillator, and the tuning 
fork are the most common time indicating devices in use in 
high-speed photography today. It is well to reemphetize the 
importance of the time base--without it mathematical 


analysis would be almost an impossibility. 


Arrangement oi the subject. The human eye and brain 


are ircapible of agsimilating several simultaneous actions 
on the screen, Therefore, in taking high-tpeed pictures the 


primary rule of photographic composition is to make the 





6 4 à u 

15 k, D, Syles, Simple Time Base for a High Speed 
Cine Camera,” Journal of Scientific Instruments, 20:114-115, 
July, 1943. 
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picture ab simple as porsible b; confining the subject و‎ 
study to one of lin-coMmponent action» rather thar to the 
fubject as a whole . 1° 

For example, if photogrephing the operation of a guv- 
sightinġ computer, rether than attempting to make a high- 
S£peel picture of the whole unit At once, it i8 better to 
photograph individually various Springs, cams, levers, una 
Similar devices. Greater magnification 15 obtained whem the 
Single subject is photographed und it is easier to aralyre 
both visually and mathematically. 

Nany timet the subject will bu uneble to withetun 
the heat emitted by intense illumination indoors. Water 
jackets are expensive to conetruct and are not readily 
portable. The simplest and easiett method of combating Chis 
problem is to interpose a piece of heat-abeorbilw slash 
between the lights and the Subject being careful to pick up 
no reflections and to correct the exposure to compensate for 
the slight lo@s of light. Such glass goes by the trade name 
of Aklo and is available from both Corning and Libbey-Qwent- 
Ford Glass Companies. 

Often times the subject can be improved by judicious- 
ly painting it to provide votitrast to ite surroundings. In 


تج کل apse‏ 


16 "High Speed Photography, Journal of the Society 
of Motion Picture Engineers, 53:%45, Movember, 9. 
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the case of color photography, the background should be 
complementary. Air currents cam be mace visible by the 
addition of smoke; water currents by interspersing, small, 
buoyant, colored objects or dyes. 

Sometimes it i5 apparently impossible to attain such 
isolation of the subject, & situation taxing the retource- 
fulnese of the photographer. Thir problem in particular ra- 
quires pre-study to determine the most desirable conditions 
for photography. An example of resourcerulness wae given by 
Jones and Eyles in a recent review of Dritish methods of 
photography .*/ 

In connection with the photography of the rolling of 
red=not steel bars, in order to show the surface texture as 
the bars emerged from the rollers, it was found that thia 
could not be observed in high-Speed films taken in 2 straight- 
forward manner, because the intrinsic brightness cf the red- 
hot surface of the bar prevented any rendering of texture by 
external lighting. It was realised, however, that hot metal 
does rot emit any appreciable quantity of ultra-violet radi- 
ation and thus the bars were succetsfally photographed by 


means of ultraviolet lighting using a Wratter Filter No. LOK 





IT a, A. Jones and B. D. Zylea, Metens ۳1 
Equipment and Technique for High-£peed Cinematography, 
Journal of the Society of Motion Picture Engineers, 53:513, 
November, 13-5. 


15 
over the cémere lens to cut out 811 5153516 light. Ordinary 
high-spsed panchromatic film is sufficiently sensitive irn 
the region just below the visible to enable a good record to 
be made, and also the ordinary glass lenses are tufficlently 
transpärent to the mear ultraviolet. By using this Method 


Special material£ and the use of quarts lenses were avoided. 


File waste. Closely coupled with the previous 
problem of synchronisation 1s the lows of film during the 
accelerätion of the camera. Almost eighty per cent of & 
one hundred foot roll of film is expended while bringing the 
camera up to full speed. Tome of this varte hat been elimi- 
nated by the development of the goose , but the inherent 
problem still remains. Larger vpools of film £zre igpracti- 
eal because of the high rotationel speed of the spool 1113814 . 
Also adding to the expenditure of film, is: the fact that 
once btarted the camera must never be stopped until ail the 
film has passed through tne camera, Stopping it before this 
will result in serious damage to both camera ard film. Thus 
ir Most ihstances a magazine of larger capacity 18 Not re- 
quired, 

Por completely indoor photography with artificial 
illumination, the California Institute of Technology has 
06101850 an ingenious syste® to utilize completely the one 


hundred feet in 4 stentará roll of film. It conmbiste of ww 


hd, 
endless film arrangement, the opposite ends of the roll 
being tpliced together 1n 2 loop. At the proper speed the 
lighting system is turrec on to provide exposure; previous 
to this the room ie comletely dark. The orly drawback) are 
the additional synchronization required to extinguish the 
lights before double exposures occur on a portion of the film 
and the possibility that sen extremely important &ction m&y 
ocevur at the precise inttent that the splice is psesing the 
aperture thus ruining the most important ospesupe , P 

Lack of ultra-nigh-speed film emulsiona. 0۵۵ ۵ 

film emulsions are emineritly zatiefuctory for most 1 
motion picture photography in the So-called lo» operating 
ranges of from sixteen to one hundred and forty frames per 
second. If a sufficiently fast film were developed, higi- 
speed photography could conceivably become as commonpiacée ut 
the use of the box camera. The photographic resolving power 
of an optical £ystem i8 conventiorslly expressed in lines 
per Millimeter, this numerical value being arrived at by 
vieWing a set of parallel lines (in which the width of the 
lines i5 equal to the width of the spacer between then) and 


counting the just-distinguishable lines, In addition to the 


16 Frenk Crandell, Physicist, California institute of 
technology, Pasadena, California, personal interview, April, 
1951. 





45 
resolving power of the optical cystem, the rezolvins power 
of the film emulsion in recording the lines muSt Also be 
considered. The resolving power of the Fastax camera is in 
the neighborhood of thirty lines per millimeter, whereas the 
resolving power of a particular film is usually much higher, 
ranging from forty to one hundred and twenty lines per 
millimeter. From the foregoing lt seems reasonable to as- 
sume that present films are adequate, but from a user's 
standpoint, the resolving power ratings currently provided 
by film manufacturers are little more than a qualitative 
guide, ag the specific tect conditlons unàer which a 
published value is obtained are rarely, if ever, explicitly 
stated in published tectrical data. Whe data furnished by 
the manufacturer are a theoretical maximum attained under 
conditions optimum for the emulsion. Ir high-S5peeà motion 
picture photography, the photographic resolving power is 
reduced by low contrast in the final photograph, which 1s 
accentuated by underexporure, and further degraded by im- 
perfect compensation for fll movement and by movement of 
the subject itwelf during exposure. 

Serious lllumination probleme would not exist were 
the filme available today of sufficient Lpeed, coupled sith 
reasonably fine grain art good resolvim power. 


The emulsion syveeG can be increased scmewhat by the 
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proceta of latensification. 


The process is simply that of exposing a previously 
exposed negative to a weak source of light for several 
minutes. The intensity of the post-fozging light is ad- 
Justed so that a Blight amount of fog ibs produce in The 
unexposed areas. The original exposure affects Silver 
grains in thë emulsion thst do not develop under rormal 
conditions. These sub-threshold grains, however, Are 
affected sore strongly by the energy from the post- 
fogging light than those which were previously unexposed. 
By the time that the latter are eaposei to a developable 
level, those which had some previous exposure repond as 
though three to four fold more image exposures had been 
given them originally. 


The equipment for latensification can teke a variety 
of forms, but can be vigualizea as a dry vox 1 
wherein @ negative can be exposed to & weak source of 
light for e number of minutes ab Lt passer through on 
its way to the developing machine .15 
in practice in high-@peed photography post-exposure 
can increase the emulsion speed by one f-s$to»p or two times. 
Some increSse in graininess is app@rent but is not ofjection- 
able since in ultra-high-speed photogra@phy, the elimination 


of grain with present-day films is almost an impossibility. 


Projection and analysis problems, Making a high- 
speed photographic etudy 15 only one part of the probiea. 
The finished film must be interpreted by the user, usually 
by projection, ange frequently tby study cf frame by frame en- 


largementa or oy freme by frame examination of the film 


1? guekson J. lose, American Cirematograpner Mandboox 
and Neference Cuide (Los Angeles: Gouthiand Press, 1952), 
PP ۰ 133-190 s 
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itself. To an engineer trained in motion analysis, a »lorel- 
down film 18 easily-distinguishable from a normal film of 
the @ame machine rurmirg slowly. The layman, on the other 
hand, has little conception of such subtle differences, As 
vibration effect, etc., and it is necessary to provide a 
frame of reference. his can usually be accomplished by a 
careful analogy, usually taken from nature. For example, Lf 
studying a power press which operates with a frequency of 
seventy strokes per second, the reference object could be a 
humting bird whose wings beat severity times @ wecond. 

For complete comprehension, several hundred feet ol 
film showing the normal operation of the subject ard the 
analogy is useful ٠ 

Any good make of projector 18 adequate for screening 
the film but it should be capable of forward and reverse 
motion and still-picture projection. A footage counter ie 
also very useful. 

for frame by frame analysis al editing viewer can be 
used to advantage. Perhapt the moet useful equipment for 
such quantitative analysis i5 the film reader of the type 


put out by the Necordak Company. These readers, originally 


20 Henry M. pester’, High-Speed and Time Lapse Pito- 
tography in — سه‎ and T earch, Journal of, Lhe Society 
of Motion Picture Engineers, 52:75-77, March, 1989. 
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designed for reading microfilm, attain a magnification of 
from twenty-four to thirty-five diameters and can be used 
either for frame by frame analysls or three other motor 
driven rates of film advance. Aither way the viewing plate 
is conrtantly held in criticsl focu® and the machine is 
designed for maximum ease of operation, ideal placement of 


the screen, flexibility, and convenience of use.°+ 





ah. 


Kigcelleneous considerations. The major probleme of 
high-speed motion picture photography have been discussed. 
Coupled with these are minor problems that are merely 6 
matter of familiarity with the tools of photography which, 
when not considered, probably will lead to unsatiafactory 
۳۵ ۷1 8 ۰ 

The lens compensation necessary for rotating prism 
camerat has already been mentioned. It is important to 
remember that len@®es designed for ordinary motion picture 
cameras cannot be used with the rotating prism type due to 
the normal short rear focus. This problem can be eliminated 
for high-speeá cameras by building an extension tube on the 


front of the regular lems aed focusing it on the image of a 


wide angle lens mounted at the front of the tube. This 1f, 


e la 

el Wade $5. Nivison, "Methods of Analyzing High-Speed 
Photographs,’ Journal of the Society of Motion Picture 
Ensineera, 52:50, Parch, 1949. 
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in effect, talling a picture of a picture e. 

Migh-sveead cameras must always be focused through the 
lens. The Fastax cameras manufactured by the Western Electric 
Company Were found to be out of focus at infinity because 
the lenses were adjusted by a man whese eyes were optically 
different from normal eyes ,23 

If the image is blurred or fuzzy it is not alwaye the 
result of failure to stop the subject's motion during pho- 
tographing. If it is due to inherent camera deñler or to 
atmospheric conditions, no increase in camera taking speed 
will eliminate the trouble. By cotiverting the subject's 
speed into feet per second, then finding the distance it 
travels (in feet) per exposure, &nd dividing this by the 
distance the camera 16 locatei from the action, and convert- 
ing the result to millimeters it can be determined how far 
the image will move on the emulsion during exposure. If 
this falls within the resolving power of the film, blur can 
normally be expected to be absent. If blurring sheuid occur, 
however, it can be assumed that it is not the result of in- 
sufficient camera speed. For example, if an object is 


22 Y, Herring, Lt., U.S.M., Photegraphic Officer, 


Naval Guided Missiles Test Center, Point Magu, California, 
perzonal interview, May, 1951. 


“3 Fastax News Letter (Rochester, New York: 
Nollensak Optical Company, January, 1951), p. 1. 
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moving 1000 feet per seconá at a distance of 1009 feet from 
the camera, which ¿8 operating at 1000 frame2z per becomd or 
having an exposure of سخ‎ of A second, the subject will 
move during exposure — 1002 or 1/5 of a foot. The 

| | 1 1 
image on the focail plane will 878 E Toon (distance amay) 


feet, or .06 @illimeters, which falle within the 





or 5000 
resolving power of the fila (normally thirty lines/mm in 


practice). This is an approximation which forme a guide of 
what to expect before actually taking the picturet. 

Vibration of the camera during operation cun cause 4 
very disturbing result on the final picture. When projected 
the image appears to float upon the sereen with a peculiar 
ghoetlike movement. The solutien of such 8 problem 8 
obvicus--maxe certain that the camera is securely sounteu. 
in the rare cates where the camera is hand-held the ad- 
vartage of rapid field coverage must outweigh the disad- 
vantage of the floating image. 

The problems encountered in high-speed motion picture 
photography have been presented with the realitation that 
e@ch individual set-up will undoubtediy present its own 
peculiar difficulty. However, these factors must be con- 


sidered in everj photogrephnic task. 





CHAPTER V 
NEW TECHNIQUES AND TRENDE 


In general there are two methods of stopping tne 
motion of the image with respect to the film 1n high-speed 
photography. The first of these methods, the use of & com- 
pensating prism, has been described. The second method it 
the use of stroboscopic light to tlluminate the subject, the 
flashes of light being of such short duration that the rile 
Goes not move appreciably during the exposure. A third 
method has recently been developed to link the flashing law 
with the rotating prism type camera. In this case the in- 
candescent lamp is replaced by a flashing lamp and incorpo~ 
rated in the high-speed camera is tà triggering device which 
allows the lamp to be fired when the picture frame is on & 
line with the optical axis of the complete ۰ 

The advantages of this system are numerous. The 
eamera can then be used for an even greater variety of 
wor«--outdoors using it as is, ang for indoor work requiring 
short exposure time using the same camera. hesult® have 
indicated that much better definition is obtained in the 
rotating prism camera when used in conjunction sith Strobe 
lighting, which is of particular advantage where frame bj 
frame inspection cf the film if to be made for purposes of 
analysiz by measurement. Motion is stopped absolutely and 


little blur retuits. A further advantage is gained in those 
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cases where the subject is liable to datimge by heat because 
of the relative coolness of stroboscopic ligħt.l 

Heretofore, in all high-speed photography, instan- 
taneous time covered one complete frame, the continuity of 
instantaneous frames forming the time axis. A new method of 
obtaining high-speed pictures has been developed whereby 
instantaneous time covers multiple £mall portions of à 
Dingle frame, tie total area of these emell portions being 
sufficient to provide detail and the wingle frame beiny 
large enough to permit unmagnified obeervation. Such a 
method is celled grid-framing. 

The framing grid is a focal plane shutter with a 
series of parallel slits placed at regular intervals across 
it. This thutter, therefore, is only required to move the 
distance between two suceessive slits to expose tne entire 
film. To understand how this grid records successive frames, 
consider a series cf optically cleer slits .0005 inches 
wide, cut at .015 inch intervals across a 4x4 inen optically 
opaque plete. If this grid is held in a fined position on a 
1x5 inch photographic plate, a eingle exposure made through 


it will consist of a set of partllel lines which occupy only 


1 5 ۱ L Daa 
^ Kenneth J, Germeshausen, “New High-Speed Strobo~ 
scope for High-Speed Motion Pictures," Journal of the 


Society of Motion Picture Engineers, 52129-394, March, 19%9. 
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1/30th of the total picture arem with an over-all dimensior, 
of 4x4 inches. By moving the grid Across the film perpen- 
Giecularly to the slits for a distance of .90005 Inches arn 
exposing a second still picture in this new positlon, a 
second series of lines lying alongside of the first set ard 
agein occupying only 1/30th of the total picture aren Will 
be produced. Thirty such single pictures will result from 
only .015 inches movement of the griu and will expose the 
entire flim area. To the casual observer the resulting 
picture will be an indistinguisheble jumble. However, by 
proper positioning of the grid, anyone of the thirty ex- 
posures can be studied separately. This type of grid 
framing has been used for years in animated greeting cards 
and photographic advertisements. 

If the photographic object is moving, and if the grid 
is moved at a uniform rate across the flim for a distance of 
‚015 Inches, the resulting picture can be viewed through a 
grid as thirty separate exposures, one at a time, or by 
viewing through the grid moving at any uniform speed, 
flickerless motion pictures w111 be observed. 

At the Aberdeen Proving Ground Laboratory, they have 
successfully combined a stationary framing grid with a 
rotating mirror to obtain framing rates in exceas of 


100,000,000 frames per second. 
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the rotating mirror-grid combination. ¡he optimun 


slit width for the multi-slit focal plane shutter appears te 





be of the order of .0001 inches. A shutter with .0001 inch 
slits is required to move 10,000 inches/second to produce 
100,000,000 frames per second. it is impractical to accele- 
rate to, maintain, and decelerate frow such high velocitier 
with 2 linearly moving shutter. A rotating focal plane 
Shutter on the other hard hat the double disadvantage of re- 
quiring tapered radial slits and the combination of a large 
diameter and high rotational velocity. A method for moving 
the image of the shutter across the film plane by reflection 
from a rotating mirror was obviously a simple solution. 
(Figure 5.) 

A first lene is used to image the event on the grid. 
Tne combined evert-grid is then focused on a second lens, 
whose image, after reflection from the rotating mirror falle 
on the film plane ag shown. The photograph formed by the 
reflected grid differs from that formed through a grid moving 
acroes tne film plane in that the latter records a varying 
time, varying space image while the former, by virtue of the 
subject's Tired position with respect to the grid, recorda a 
fixed space, varying time record which is particularly 158 3 
to the stulet of cetenation and shock waves. 


Of course the continuous motion of the 1188 8 
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the film doet not form a well-defined frame line ás in other 
high-speed motion picture cameras. Since the exposure viae 
of an increment of film is equal to the time 1t taxes a slit 
to move its own width the reciprocal of this time is taken 
as the framing rate. The mirror rotation rate can be varied 
up to five hundred revolutions per second. At Tull speed 
With a .0001 inch slit the framing rate is 1.25 x 107 or 
1,250 ,000,000 frames per second. The total expoture time is 
extremely short. With thirty frames taken at 100,900,005 
per second the total exposure time before the film is ex- 
hausted 18 3 x 107! or 3/10,000,000ths of a second.“ 

Compared to the Fastax camera's total exposure tine 
of 8/10 of a second at maximum speed, this is an extrewe 
disadvantage and it can be used to photograph only very 
short actions which must be timed electronically and 
perfectly. If the Sultanoff rotating-mirror grid camera 
were capable of recording a full Gecond of action at 
100,000,000 frames per second, and if the film were normally 
projected at 16 frames per second, it would require over 
seventy~two days of constant projection to view the film. 


lt has been mentioned that 5 conventional 


2 W. Sultanoff, "A 100,000,000 Frame Per Second 
Camera,” Review of Scientific Instruments, 21:653~654, July, 
1950. 
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intermittent type motion picture camera cannot operate 
without damege in excess of 250 frames per second. The 
rotating prism cameras theoretically can operate at rate? of 
from about 400 frames per second upward to seven thousand, 
In 35mm work the rotating prism type's minimum operating 
speed io 500 frames per second; but from a resolution stèrd- 
point it le impractical to operate it at below 1000 frames 
per second. The most commonly used 35mm intermittent type 
camera is the Mitchell which operates at a practical picture 
taking frequency of 140 frames per second. There has long 
been a great need for a camera to bridge the gap between 
these two types of cameras. 

The wolleneak Optical Company is now working on an 
answer to the problem. They are designing, and hope soon to 
have avaliable, a new super-fastax camera wnich will have an 
operating speed with a minimum of about 100 frames per 
second ard a maximum of approximately 2500 frames per second. 
In addition, it is being designed to eliminate other faults 
found in the previous Fastax; the frame size will be the 
standard full-size 35mm, not half height as previously; the 
resolution ie estimated to be approximately eighty lines per 
millimeter through improved Sprocket design; the capacity of 
the camera will be 500 feet allowing a greatly increased 


maximum running time. Ir addition, its construction will be 
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euch as to withstand gravitatlonal accelerations of l0. to 
150 e, allowing it to be used on devices which previously 
could not carry cameras without danger of ruining then 
because of excessive acceleration forces." 

This will, without & doubt, be the most Important 
Single recent development for the average motion picture 
photographer engaged in high-speed work. 


J 


3 John H, vaqdezil, Wollensax Optical Company, peron- 


al letter, dated June 13, 1951. 





CHAPTER VI 
SUMMARY AND CONCLUSIONS 
I. SUMMARY 


With any type of high-speed catlera it ib etséntiol to 
pre-determine the various factors that affect the final 
picture quality, ard so adjust these. factors that optimus 
results will be attained. Froe the inception of motion 
picture as a research tool, end perhaps far into tne future, 
each exposure presents its own problem. HMeseurch engineers 
and manufacturers are laboring constently to control tneve 
factors until at the present time photogranhy ia taking ite 
place along with the microscope, the cathode-ray tube, aud 
various other instruments as an instrument for recording end 


measuring transient phenomena. 
II. CONCLUSIONS 


The applications of high-speed photography are alsost 
unlimited, It can save tise on bredk-down testing bY point- 
ing out trouble epots in advance, Eni by providing a check 
on uncertain approximation from theory. 

Cameras, lights, and lenses have kept pace with the 
advance of high-speed photographic techrique, but there is 
still room for advances. 


۸ need exists for an ultra~hiyh-speed film emulsion 
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to simplify the exposure problem. Similarly, there is a 
need for standard laboratory development processes for hupi- 
speed work. Much of today's high-speed photography is 0 
on experlences in the past on similar projects. The ad- 
vantage of experience is lest when the fllm 15 improperly 
processed under non-controlled standard conditions. 
Progress has been made in this fleld by the Wollensak Opti- 
cal Company, in cooperation with Ansco and Eastman Kodak. 
Film prepared by Ansco is sold through Wollensak for userz 
of Pastax cameras. The film cost includes the price of 
development in a manner similar to the method by which color 
motion picture film is sold to amateurs. Frequently, how- 
ever, the delay expended in relaying the film back to the 
manufacturer cannot be tolerated. A standard field develop- 
sent procedure should be disseminated to all high-speed 
camera users. 

There is a need also for a High-Speed Photographers' 
Handbook, similar to the Cinematographers’ Handbook and 
heference auide,* Listing high-speed equipment and providing 

a guide of standard practices and procedures for the working 


photographer. 


1 Jakon J. Ros 6, American Cinema Lographer Handbook 
gr Beferenos Guide (Los Angeles: Southland Press, 1950), 
AB: 
3 


" 





7 


61 

High-$peed motion picture photography has been 
described at a means of magnifying time, giving man ar. 
insight into the infiniterimally short intervale of cternity, 
much as the microscope har permitted the magnifying of Site. 
And just as there has been improvement in the microscope 
leading to the pretent day electron Microscope, witn 
promises of even greater improvement, so must the science 
and techniques of high-speed photography be improved and 
advanced. 
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